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© Process for thermal treatment of glass fiber preform. 
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@ SrS^ bThSng a porous glass preform for an optica^ comprising = 
porous glass preform through a muffle tube having a SiC layer at least on ,ts mner surface at a h,gh temperature 
under an atmosphere comprising a fluorine compound gas and an inert gas; and compr ising 
a process for the vitrifying treatment by heating a porous glass preform for an optica fiber^ composing 
passing the preform, which has been previously dehydrated and purified, through a muffle tube havmg a S,C 
layer at least on its inner surface at a high temperature under an atmosphere gas. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 



Description of the Relat ed Art 
A preform for ; 



and highly pure preform for the optical fiber 938 t0 Pr ° duCe 3 trans P a ™* 

Kokai Publication No. 201634/1986). 3tin9 (See Ja P anese Pa tent 

The prior arts as described above have following problems- 

•C TTrJt^T T ade mUff ' e tUbe iS USed> " is softened and defo ^ed at a temperature above 1400 

1200 - C Thus onrl thTrf «i ? beCa " Se of crystal fcristobalite) formation at a temperature above 
teZraTure t reo ? ^ ^ ' S ^ 1 Sh ° U ' d be USed without .owering the 

(3) In the case where the muffle tube having the SiO, laver on the Sir ™ a «n„ * «. 

SUMMARY OF THE INVENTION 
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through a muffle tube having a SiC .ayer at least on its inner surface at a high temperature under an 
atmosphere comprising a fluorine compound gas and an inert gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Figs . 1 to 4 and 7 each schematically shows a sectional view of an heating furnace in which the present ' 

Fi; en 5«r a t 0 lws an apparatus for measuring an oxygen concentration in a muffle tube, 

Fig. 6 TZTJs of oxygen measurements in one muffle tube with the measunng apparatus of F,g. 5, 

W Z- 8 shows a transmission loss of an optical fibers produced in Example 1 and Comparative Example 2. 
DETAILED DESCRIPTION OF THE DRAWINGS 

The present invention will be described in detail with reference to the accompanying drawings. 
Now the first aspect of the present invention is explained. 

Fia 1 schematically shows a sectional view of one embodiment of a heatmg apparatus in which the 
process of he pTe en Lention is carried out. The apparatus comprises a muffle tube 12 in which a . porous 
process or tne pre ^ ^ 12 comprising a hea ter 13 to 

purifying gas G in a gas mixer 18. The muffle tube is made of carbon and coated with a S,C layer. Further, 
thTsiC laver is coated with a Si0 2 layer. Each layer can be formed in a conventional manner. 

tL present invention has been conceived on the basis of the following expenments: 
Experiment 1 

A carbon made plate coated with SiC in a thickness of 100 pm was heated at 1500 ■ C under an 
a^osphToMhe de P hyd,a«na and purifying gas containing 2.5 pads by volume o. S.CU relative to 100 

P ^l^ZT^So^%C 0 ^^ determined to be as small as 1 .specific surface 
3 5 areaTthe SiC 00*5 was 0, rrr=/g, which was substantially egua, to that o, the S,C coahng before 
heating. 
Experiment 2 

40 Experiment 1 was repeated except that the dehydrating and purifying gas contained 3 parts by vo.ume 
of SiCU and 1 part by volume of Cl 2 each relative to 100 parts by volume of the inert gas. 

AftPr heatina the weight loss of the SiC coating was determined to be as small as 1.4 %. The spec.f.c 
^JTd iTsTSUl was 0,5 m'/g, which was substantially egua. to that of the S,C coatmg 
before heating. 

45 

Exp eriment 3 

Experiment 1 was repeated except that the dehydrating and purifying gas contained 5 parts by volume 
of Cl 2 relative to 100 parts by volume of the inert gas. 
so After heating, the weight loss of the SiC coating was ™ e ™7Ts?c*JZ ™l \n* large pores 
that SiC was completely decomposed. The specific surface area of SiC was 800 m /g ana large p 
having a diameter of 30 k were found. 

From the above Experiments, the following results can be induced: 
m At a hiah temperature, SiC reacts with Cl 2 and does hardly with SiC*. 
55 S The St!o7betwe e n SiC and <* can be suppressed when SiCU is added to C, 2 ,n the dehydrating 

^"0 prevent the degradation of the SiC coating due to C, ^^^J^ 
treatment is preferably carried out under an atmosphere of SiCU or an atmosphere of Cl 2 mixed w.th S.CU. 
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Those considerations can be expressed according to the following equilibrium equation: 
SiC + 2CI 2 - SiCU + C (1) 

expressed by an equilibrium constant aSed °" bas,s °' *" ^»'"»rium relation 



r p - [ c sici 4 ) 1/2 /[ci 2 j. 

Next, the second aspect of the present invention is explained 

h^s^sLr* 1 ™*" ,o c,ea,e *• second aspM - - >— • ■»—»> «■ * 

Experiment 4 
55 Experime nt 5 
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When other fluorine gas was used instead of SiF*. the same results as with SiF* were obtained. 
Experiment 6 

A sintered SiC article having the same size as in Experiment 4 was heated at a temperature of 1 500 • C 
under an atmosphere of 91 % by volume of SiF, and 9 % by volume of Si 2 F 6 for 50 hours, and no we,ght 
loss was determined. 

Exp eriment 7 

Experiment 6 was repeated except that the heating temperature was 1650 'C. The article was heated 
for 10 hours and the weight loss thereof was 3%. 

Ex periment 8 

Experiment 7 was repeated except that the gas contained 85 % by volume of Si* .10 % by volume of 
Si 2 F 6 and 5 % by volume of Si 3 F 8 was used. After 10 hour heating, no weight loss was determined. 

In addition, it has been found that Si adheres to a low temperature portion of the muffle tube when the 
weight loss of the Sic article was observed. 
20 From the results of the above Experiments 4 to 8, the following can be understood. 

(1) SiC reacts with the fluorine compound gas at a temperature above 1400 -C. However, by adding 
Si? F 6 as a reactant gas to SiF 4 , the reaction is suppressed. 

(2) The gas mixture of SiF* and Si 2 F 6 reacts with SiC at a further high temperature, but it does not react 
whpn ShFr is added to the gas mixture. 

25 73) ^ produced materia, through the reaction between SiC and Si y F x is Si in the low temperature 

^sTresult, the reaction of SiC and the fluorine compound gas is suppressed at a temperature below 
1400 -C. Even at a temperature higher than 1400 -C. the reaction of SiC wrth S.F, ,s suppressed by 
addition of Si 2 F 6 and/or Si 3 F 8 . Thus, guidelines on preventing the degradation of SiC are indicated. 
3D The above results can be explained as follows. The degradation reaction of S,C is expressed accord.ng 
to the following reaction equations: 

SiC + 3SiF* - 4SiF 3 -t + C (2) 
35 SiC + SiF* -2SiF 2 M + C (3) 

Free energy changes AG in reactions of the above equations (2) and (3) are positive up to 1800 • C and 
reactions hardly proceed to the right hand side of the equations. However, in a gas flowing system as in a 
muffle tube of an electrical heating furnace, each equilibrium is shifted and the reaction P r ° ceed =^ e teft 
40 hand side a little. Therefore, the SiC coating is degraded a little. When the gas such as the reacbon 
products SiF 3 « and/or SiF 2 - are added to the reaction system, the reaction equ.hbnum .s kept and the 
degradation of the SiC coating is suppressed. 

Si 2 F 6 or Si 3 F 8 forms SiF 3 - or SiF 2 * at a high temperature according to the following equations: 

45 Si 2 F G -2SiF 3 * (4) 

Si 3 F 8 - 2SiF 3 * + SiF 2 * (5) 

The Droducts SiF 3 ' and SiF 2 * suppress the reactions (2) and (3). 
so .tube preferably used in the present process has an inner layer made of a high.y pure sil.con 

carbide or has an inner and an outer layers each made of the highly pure silicon carb.de. 

The highly pure silicon carbide used for the muffle tube has preferably a purity of not less than 99.999 
% and preferably contains iron of not more than some ppm and copper of not more than 1 ppm. 

The muffle tube in the heating furnace used in the present invention has the high.y pure silicon carb.de 
55 layer as its inner layer or as its inner and outer layers. The silicon carbide layer ,s preferably formed by a 
Sng method with vapor phase reaction (CVD method) such as plasma CVD (PCVD) coating , meth od or 
chemical CVD coating method since a highly pure and dense coating can be formed by such method. 
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temLlre of the n ff 9 h y h PUfe f "' COn carbide c ° ati "9 ca " ^ selected depending on the operation 
SEES f m ♦ , atmos P here in the muff 'e tube. Generally, the coating has a 

thickness of a least 1 am preferably at least 5 urn, more preferably at .east 25 urn, for example 50 urn 

Ttor rlT"' 7 ,n ? ^ - Sint6red materia ' C3n 56 e * em P' ifi <* as a material for the muffle tube substrate 
The carbon mater.al, especially a highly pure carbon material is preferred 

In the case where the highly pure carbon is used for the muffle tube substrate, the impurity of the 
exam'leTherthVc iTh ^TT " "* *™ 5 ° PPm ' Preferab,y not ™» than 20 7pm £ 

3KiTrLlS^ 3 C ° ntent ° f m ° re than 1000 PPm ' * Cann0t be used for ™ ki "9 the 

c^ltned Mn the Hi h'^ ^ ,mPUritieS SUCh 25 and C ° PPer The im P urities *" d **r counts 
S 9 ^ 3Sh C ° ntent ° f " 0t m ° re than 20 P? m are shown in the following 



B 


< 0.1 ppm 


Ca 


< 0.1 ppm 


Mg 


< 0.1 ppm 


Ti 


< 0.1 ppm 


Al 


< 0.1 ppm 


V 


< 0.1 ppm 


Si 


< 0.8 ppm 


Cr 


< 0.1 ppm 


P 


< 0.2 ppm 


Fe 


< 0.1 ppm 


S 


< 0.1 ppm 


Cu 


< 0.1 ppm 


Ni 


< 0.1 ppm 







Fig. 2 schematically shows a sectional 



view of a heating furnace with which the present process is 



performed In F.g 2 the reference number 21 indicates a porous glass preform, 22 does a supporting rod 
> ll P „ r f rm ' . tUbe ' 24 d ° eS 3 heater ' 25 does a furnace 2 6 does an iS for 

LxamoTe SF h.T T 7 b0dy 27 d ° 6S 3 " in ' 6t for introducin 9 a " -mosphere gas (o 

LbSe made o cTrbon ^ ^ rebrenoe number 231 indicates a tube 
shownl R ? mfr It « ^ V C .? at,n9 ' ayer ° f the hi9hly Pure silicon ln embodiment as 

SeTo, ^t^ST h ' 9h,y ^ Si ' iCOn ^ Pr6Sent 38 an inSide ' ayer and a " outside 

i Fig. 3 schematically shows a sectional view of a heating furnace for the optical fiber preform which is 
also used in accordance with the present invention. In the embodiment shown fn Fig. 3 is used" member 
Ll^andT w 8 hl% a ^T Si , St h ant ^ ateria ' haVin9 3 Sma " 935 P—eabiiity such as a ceramic or a meta 
mnfft k th k 7 23 ' S ' nSerted in ° rder t0 prevent Penetration of a contaminant into the 

siKr thereof - At ieast an inner surface ° f the muffie **• 23 is «— ^ <™ 

n.rn? IST? *J ^ m6mber 31 * P referab| V the ceramic or the metal material having a nitrogen 

a Tnl TIZ^T p " aon is made °' *» hi9h,y pure cartw a " d *• ^ ^ »TS1<^ 

are made of a heat and corrosion resistant material. ^ 

One example of the above embodiment is schematically shown in Fig. 4. A heater 24 is located inside a 
lower portion 436 and they are detachably connected each other by, for example screwino At least an 

Z7M ° f midd ' e POrti ° n 435 " C ° ated With 3 layer 432 made ° f the high y pure sNicon carbide 
S.nce the upper port,on 434 and the lower portion 436 are not subjected to so high temperature asT ■ Sfe 

but they only need to have the gas impermeabilities. Thus, although the upper and the lower portions are 
shown to have the layers 432 made of the highly pure silicon carbide as shown in Rg A T the Cers a e 

a r ual si, s°: carbide materiai ,rom a view p ° int °< ^ sr«s 

high purity as the silicon carb.de material as described above. For example a silicon carbide materia, 
having a purity of 99.9 % is satisfactory. In addition, since the upper and lowei po^ons « Cheated at a 



SDOCID. <EP 0529694A2J. 



EP 0 529 694 A2 



taken into account and they are preferably not more than 0.1 ppm. 

the muffle tube (or environmental operation atmosphere) penetrates ,nto the muffle tube, when the glass 
preform is inserted in or removed from the muffle tube. 
70 Ha 5 schematically shows an apparatus which measures an amount of air inflow into a muffle tube 
compSing the muffle tube 51, an inlet 52 for introducing a purging gas, a sampling tube he 
muffle tube a device 54 which measures an oxygen concentration .n the gas and a pump 55. An inner 
Zmeter of the muffle tube 51 is 150 mm and a tip portion of the sampling tube ,s located at a pos.tion by 

75 1 "^X^^^ measurement carried out with respect to one embodiment ^ith the 
above measuring device are shown in a graph in Fig. 6. As understood from the graph the air around the 
muffle ZZ penetrates into the muffle tube and it is impossible to prevent the inflow of the a,r even when an 

a ™T!Zr«t?^:^ -lows: Firstly, inside of the muffle tut, ~« 
20 dusts in the air. The dusts comprises Si0 2 , A. 2 0 3 , Na 2 G, Fe 2 0 3 and so on. Among them. Al 2 0 3 and Na 2 Q 
cause devitrification of the preform, and Fe 2 0 3 causes increase of a transmission loss. 

Such ir lw of the air is prevented in an additional embodiment of the heating furnace in which me 
presen "on L performed' The heating furnace comprises . heater a muffle tube a,— 
which previously or subsequently accommodates the glass preform be o re ^ a « e ^ thermal treatment ° f 
25 the preform and from or in which the preform is inserted ,n or removed from the muffle tube. 
25 * Ra 7 schematically shows a heating furnace which is the same as that shown in Fig. 4 except that it 
comprises the f non chamber 71. When the furnace is used, the g.ass preform 21 to be thermally treated is 
inserted in the front chamber 71 and a top cover (not shown) of the front chamber is closed. Then, nttogen 
" supplied i the front chamber which is separated from the muff.e tube 23 with a partition means 76 for 
30 nitrogen replacement. The partition means 76 is opened, the porous glass preform is inserted , the mu ffle 
tube 23 of which inside atmosphere has been previously replaced w.th a desired atmosphere gas, he 
nation means is closed and then the thermal treatment is initiated. After the thermal treatment, tt» 
S o ZlTs is S opened, the partition means is closed after the glass ^^^^^ 
tube into the front chamber, and then the glass preform is removed from the front chamber after opening 

35 TheTont chamber is preferably constructed so that it can be evacuated to a pressure of 10- Torr and 
be headed to a temperature of 800 -C. The front chamber is preferably ^ 
resistant and which does not liberate any contaminant. For example, quartz glass, S.C Si 3 N* or BN is 
ISSn^maWng the front chamber. The materia, of the chamber may the same as or different from that 

40 ° f th Wh m en ff !he tU f^nt chamber is evacuated, for example a rotary pump may be used, .n order to prevent a 
back fL ofa pump oil, a trap cooled with liquid nitrogen may be located between the fron chamber and 
ffTe pump. A X installing mechanism having a magnetic sea. is disposed at the top of the front chamber. 

45 EXAMPLES 

The present invention will be further described with the following examples. 
Example 1 

50 A heatinq furnace comprising a muffle tube 23 having a SIC coating 232 in a thickness of 50 urn as 
« hn L T*a 2 was used A porous glass preform 21 was inserted in the muffle tube at a temperature of 
100 • C S^mi of He anJ Z ZL. of SiCW were supplied in the muffle tube as the dehydrating and 
puling oa The preform was lowered and passed along a side portion of a heater 24 through the muffle 

55 ?ube at a lo W erL rate of 5 mm/min. and thereby the preform was dehydrated. Subsequently the 
^JZeTZ ^Ze was raised to 1650 - C and the preform was again passed along the s.de portion 
ofThe hea er at a rate of 2 mm/min. while supplying He at 5 l/min., whereby the preform was v.tnfed. 



JSDOCID: <EP_ 



_0529694A2J_> 



EP 0 529 694 A2 



-n?rz:rrrrcr^^^ 

Example 2 

,o so s o^r^sr^r^t 9 * 5 1,min of He - 200 — - - «* - 

»5 Comparative Example 1 

- »-™~arrrx^^ 

Example 3 

" appa^Xrin^n' " """" *" Pre, ° rm " 8S *P- in a hea,,„ 3 

of a specific refracje index diZn^tm ^ gLl " * ^ " -°' 34 % eXpreSSed terms 
f Um '20 e h PeCt 'l' e ' V N ° in " PLI,i *' ^^*"^^'^^<^^^^^mtiM^aiS^n^ testTaM Oo' 
50 Comparative Example 2 

. — • — ~„; :ri*.,s;K«" 
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resistance. 

Comparat ive Example 3 
5 (Heat resistance of quartz made muffle tube) 



Example 3 was carried out repeatedly except that a quartz made muffle tube was used instead of the 
carbon made one The muffle tube highly stretched during the vitrification treatment and rt could not be 



used again. 
Compar ative Example 4 
(Etching of quartz made muffle tube) 



Comparative Example 3 was repeated except that SF 6 was used instead of 8.R. The .quartz .made 
muffleTube was heavily etched and pin holes were found in a wall of the muffle .tube ^near the heater. The 
glass preform contained water as much as in the order of some PP m. The stretch of the muffle tube was of 
course in remarkable extent and the muffle tube could not be used aga.n. 



Example 4 



Twenty glass preforms for ao optical fiber were treated by using a beating furnace as shown in Fig_2_ 
me turnacVcomprised a oarbon made ^ .tube having the •* C > c oa, ,ng ,n a _ The 

ibt>u me uuu . ^ inn nf fho o in nnat inn was observed on the surface of the muffle 



the treatment 
tube 



btained preform had a specific retractive inaex ame.e..^ ^ — » -~ - y- - 

the preforms, no degradation of the SiC coating was observed on the surface of the muffle 

Example 5 

* By U sing an apparaU* as, E,arnple ^^S^C^^T^Z 
ZZZ—?^IT«'2 J^ZZ Observed and no corrosion o, the SiC coating was 

3< '"""A single mode optical fiber was produced from the obtained preform. The transmission losses of the 
optical 2-v£re 0.35 dB*m and 0.20 dB/km at wavelengths of t.3 urn and 1.5 urn. respectively. 

Example 6 

Bv usina an aooaratus as in Example 4, fifteen fluorine-doped glass preforms were vitrified under an 
t !L™ o^pS/He = 3 %/01 %/96.9 % at a temperature of 1650 'C. After the vitnfy.ng 
Sen 71 ?^*ton^JE*~ observed and no corrosion of the SiC coating was found. 

A s gte mod'e optica, fiber was produced from the obtained preform. The transmission losses o he 
optical fiber were 0.33 dB/km and 0.20 dB/km at wavelengths of 1 .3 um and 1 .5 urn (not Fig. 8 but just l.ke 
45 (quite similar to) Fig. 8). respectively. 

Comparative Example 5 

When a carbon made muffle tube having a SiC coating in a thickness of 60 um in a heating : apparatus 
so as shown in Fig. 2 was kept at a temperature of 1550 - C under an atmosphere of He containing 5 /„ of 
SiF* for ten hours, the SiC coating was fully volatilized. 

Example 7 

55 A carbon made muffle tube having an inner coating of the highly pure -J™""^^ 

50 um formed by the CVD method was heated at a temperature of 1400 C under an atmosphere of 160 
mi/JZ Z m and 10 l/min of He A porous glass preform was inserted in the muffle tube at a lowering 
Tale of 3^min an Aner ST'JpJ^ - - P— " - *» ^ «" - mM " h ~ °" «~ 
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changed to 10 l/min. of He and the heater temperature was raised to 1650 'C. The preform was aoain 
passed along the side portion of the heater at a rate of 1 5 mm/min 9 
on, J a f rrK bta J ned Pref ° rm 3 refractive inde * difference of -0.33 % relative to quartz A single mode 

. op c ez waTo 9 o 2 r: r ;' 125 um was produced ,rom the pre,orm - The — « 

iTlse^ PP mCreaSe * transmission loss *» to. for example, copper and iron 

reducedtv 5 um fnT IT" 8 ^ ^ ^ Pref ° rmS ^ * e ™«- Mh °^ h the inner SiC coating was 
reduced by 5 um ,n a th.ckness. no increase of the transmission loss was observed. 

'0 Comparative Example 6 

^ near the muffle tube was .no-eased to 1 to 5 ppm. The obtained preform had a water content of 1 .5 PP m 
Example 8 

an L P «^Z?Tr?T m ***** h * ^ made muffle tube at a temperature of 1100 °C under 

nrPfL PU TK C ° re Sin p' e m ° de ° PtiCal fib6r havin 9 a diameter of 1 25 um was produced from the 

^ preform. The transmiss.on loss of the optical fiber was 0.23 dB/km at a wavelength of 1 .55 um 

Example 9 

An apparatus comprising a carbon made muffle tube as shown in Fin 7 wac ..^h ~ «. . ■ , 
Example r 3 " 8 * ^ ^ ^ P*™ 0 " mMns W3S C '° Sed - The P"*>™ was fVorfne-dopfd Ls i^ 

Comparative Ex ample 7 

sets ^si 00 %) - The preform was treated at a 

of thVnn* C ° re f f 9 ' e m ° de fib6r W3S Pr ° duced from each obtain * d preform. An average transmission loss 

so wavelenoth el TuZT** ^ ^ t0 the thirteth > reform was'o.lS dB^m at 

so wavelength of 1.55 um. An average transmission loss of the optical fibers produced from thP thirJw 
preform to the last preform was as rather large as 0,95 dB/km at a wavelength on L55 um * 

" ^TtCZZ ms comp,isin9 ,b8 ,,om ,s used ' ,hs ben - « - -* 
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Example 10 

A heatino furnace as shown in Fig. 2 was used. The muffle tube in the furnace had an outer and an 
ln JSS~ " atde (purity 100 %) formed by the CVD method each 

5 urn A porous glass preform was heated at a temperature of 1050 -C under an atmosphere gas of : 300 
c'min. of SiC, 4 9 and 10 ,/min. of He at a lowering rate of 10 mm/min. After the preform , was passed atonga 
side portion of the heater, the atmosphere gas was changed to 160 cc/m.n. of S F 4 andJO l/muv * Hamd 
the heater temperature was raised to 1400 • C. The preform was again passed along the s.de port.on of the 
heater at a raTot 3 mm/min. Then, the gas was changed to 10 l/min. of He and the heater temperature was 

m raised to 1700 • C. The preform was moved at a rate of 20 mm/min. to be vitrified. 

10 "" h obtaLd preform had a specific refractive index difference of -0.32 % relative to quart, A pure 
si.ica core single mode optical fiber having a diameter of 125 urn was produced from the preform. The 
transmission loss of the fiber was 0.178 dB/km at a wavelength of 1.55 urn. 

rs Example 1 1 

By using the same apparatus as in Example 10, a glass preform consisting of a si.ica core containing 
10 % of Ge0 2 and a cladding of pure silica was thermally treated for dehydrat.on and verification 

In optica, liber having a diameter of 125 urn was produced from the obtained preform. The 
20 transmission loss of the fiber was 0.35 dB/km at a wavelength of 1 .3 urn. 

Example 12 

m a h^tinn furnace as shown in Fig. 3, a carbon tube 31 having a silicon carbide coating (purity 100 
25 % ) on I tZoXT^TZnse^ member in a muffle tube 23. The coating was 50 um in thickness 
a^d formed by the CVD method. An impurity content of the member was less than 15 ppm by weight. 

SiR and He were supplied in the muffle tube at rates of 160 cc/min. and 10 l/mm., ^pect^y 20 
l/min o N was introduced in the annular space between the muffle tube and the member The muffle tube 
was heated to a temperature of 1400 -C and a porous preform 21 was passed along a s,de portion of the 
30 heater 24 at a lowering rate of 3 mm/min. to be fluorine-doped. 

so heater 24 at a g ^ temper ature of 1650 • C and the gas to be supplied in the muffle 

tube was changed to 10 l/min. of He. The gas to be supplied in the annular space 
The preform was again passed along the side portion of the heater at a lowenng rate of 15 mm/mm. to be 

35 V,tri A d pure silica core single mode optical fiber having a diameter of 125 um was produced from the 
preform. The transmission loss of the fiber was 0.178 to 0.181 dB/km at a wavelength of 1.55 um. 

Example 13 

a h oatin n fnrnarP as shown in Fiq 2 was used. A muffle tube in the furnace had an outer and an inner 
• "-Srbide <puH„ ,00 %) *n»d * I. CVD each having a 

thickness of 50 am As in Example 12, seventy preforms were treated. 

th ' C A p re sila core single mode optical fiber having a diameter of 125 um was produce from each 
preform. The transmission loss of the optical fiber highly scattered ,n the range of 0.182 to 0.195 dB/km at a 

45 ""AreSaLdwitrreference to Examp.es and Comparative <Examp.es, when the muffle tube having the 
coatfng of S C is used in accordance with the present process, the preform for the opt.ca f.ber having 
^Z^noZZrzn* substantia.* no impurity can be stably formed so that the optica. f.ber hav.ng a 
Ipss transmission loss can be drawn from such preform. 

50 «n addS since the muffle tube does not destroy due to the temperature lowenng opera,on -n 
comparison with the conventional quartz made muffle tube, the muffle tube can be econom.ca.ly and stably 
used for a long period. 

Claims 

55 1. A process for a vitrifying and fluorine-doping treatment by heating a porous glass preform for ■ an i optical 
Kber comprising passing a porous glass preform through a muffle tube having a S.C layer at least on its 
nner surface 1 a high temperature under an atmosphere comprising a fluorine compound gas and an 
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inert gas and optionally an atmosphere gas. 

2. The process according to claim 1 wherein the preform has been dehydrated and purified by passing a 
porous glass preform through a muffle tube having a SiC .ayer at least on its inner surface at high 

MoTnVsTn " T° SPh r T SiStin9 ° f ^ ^ 3 S '" ,iCOn ha '°9 enide aas optionally* 

XS^J^J?™ ratio of the si,icon halc — is 03 to 10 « ^ — * 

3. The process according to claims 1 or 2, wherein the fluorine compound gas is a silicon fluoride. 

4. The process according to claim 3, wherein the silicon fluoride is SiF,. 

5 ' fTuo e ride OCeSS aCCOrdin9 t0 ° f ClaimS 1 t0 4 ' Wh6rein ,he f ' UOrine compound gas is a carbon 

6 ' IeLZ7ZZT 0rd ' n9 t0 ° f ^ C ' aimS 1 t0 5 ' Wherein the carbon f '"°^e is at least one 

selected from the group consisting of CF 4 and C 2 F 6 . 

" lTe7^::™T£ ° f ^ C ' aimS 1 " * Wh6rein 3 temP — ° f the P- fo - is 

^ t?rL P nf C rwr 0r h din9 l° ° f C,3imS 1 t0 7 ' Wh6rein me SiC la * er has a P"*y expressed in 

terms of a total ash content of not more than 50 ppm. 

9 " o^lts'ouTersuScf" 9 t0 "* ^ ° f ^ ^ ' * * Where ' n the muff,e tube further has a SiC la V- 

10 " T° rdinQ t0 ° ne ° f the C ' aimS 1 to 9 - wherein the SiC 'ay*' ■» formed with a method 

selected from the group consisting of PCVD coating method and CVD coating method. 

11 ' tess t P ha 0 nT S ^m CCOrdin9 * ^ "* * ^ ^ ' * Wherei " the SiC la ^ r has a thicknes * <* not 

12 ' P^^ C,aimS 1 * "~ the *« »~" dehydrated and 

ia ^r^-r^ the ~ re 9as ~ at 
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Fig. 2 
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Fig. 6 
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Fig. 7 
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© The present invention provides a process: 

for the fluorine-doping treatment by heating a 
porous glass preform for an optical fiber comprising 
passing a porous glass preform through a muffle 
tube having a SiC layer at least on its inner surface 
at a high temperature under an atmosphere compris- 
ing a fluorine compound gas and an inert gas; and 

a process for the vitrifying treatment by heating 
a porous glass preform for an optical fiber compris- 
ing passing the preform, which has been previously 
dehydrated and purified, through a muffle tube hav- 
ing a SiC layer at least on its inner surface at a high 
temperature under an atmosphere gas. 
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